A novel combination of high-resolution time-course expression data and computational modelling has provided a remarkably detailed picture of a key stage of Drosophila segment determination, highlighting the dynamic nature of this process.
One of the earliest events in the development of the fruitfly Drosophila melanogaster is the establishment of a segmental pattern of gene expression along the anterior-posterior axis of the embryo. Over twenty years of genetic analysis have provided a wealth of information on Drosophila segment determination, and provided a qualitative picture of the underlying network of interactions [1] [2] [3] . Genetics alone, however, cannot confirm the sufficiency of these interactions, and yields little insight into the quantitative and dynamic features of the developmental process. As reported in two new papers [4, 5] , Jaeger and colleagues have combined complementary experimental and modelling approaches to dissect in detail the regulatory dynamics of the early stages of segment determination in Drosophila. This work provides independent confirmation and clarification of interactions between 'gap' genes that were previously inferred from genetic data, reveals in detail the relative contributions that each interaction makes to the dynamic protein expression patterns, and predicts a currently unreported regulatory interaction.
The Drosophila gap genes -so-called because their mutation causes a 'gap' in the developing embryo, with loss of multiple contiguous segmentsencode transcription factors which engage in a network of cross-regulatory interactions that operates before embryo cellularisation, during the syncytial blastoderm stage. The gap genes are expressed in broad dynamic domains along the anterior-posterior axis of the embryo which are specified both by concentration gradients of the maternal proteins Bicoid (Bcd), Caudal (Cad) and Hunchback (Hb), and by interactions amongst the gap genes themselves.
The nature of the interactions underlying gap gene regulation can be inferred from genetic data, yielding a qualitative and essentially static picture of what is in reality a dynamic process. Quantitative and dynamic features of this process can be captured and explored in mathematical models, but to achieve their full potential, models must be combined with specific quantitative data. In the case of spatial patterning, such as segment determination, these data must incorporate both spatial and temporal aspects of the pattern. The optimised circuits contain a conserved set of regulatory interactions that are all supported by mutation and misexpression data [4] . Furthermore, the form of the optimised circuits clarifies previously ambiguous interactions -such as between Hb and Kr -and predicts a previously unreported interaction between Cad and Kr [4] . It is important to note that the regulatory circuitry of the circuits is an emergent feature of the optimisation process, and is not pre-specified. This approach therefore provides independent confirmation of the sufficiency of the deduced interactions to generate gap gene expression profiles.
A particular strength of quantitative models is that they can be used to carry out a detailed analysis of the dynamics of the process being modelled, something which is difficult to achieve experimentally. Jaeger et al. 
